Five apple field trials investigated the effects of alternative fungicides on apple black spot (Venturia inaequalis), powdery mildew (Podosphaera leucotricha), European red mite (Panonychus ulmi) and the predatory mite (Typhlodromus pyri). Slaked lime (calcium hydroxide) controlled black spot but not powdery mildew and addition of mineral oil (Sunspray Ultrafine) had little effect. Baking soda (sodium bicarbonate) gave about the same degree of black spot control as slaked lime and also gave slight control of powdery mildew. Addition of mineral oil to baking soda appeared to improve powdery mildew control but not black spot control. A cupric hydroxide plus sulphur mixture gave better black spot control than slaked lime or baking soda and a programme of conventional synthetic fungicides gave better black spot and powdery mildew control than baking soda and oil. Slaked lime reduced predator mite numbers and might therefore disrupt integrated mite control. Neither baking soda nor oil (125 ml/100 litres water) affected mite numbers.
INTRODUCTION
The use of synthetic fungicides in apple production is under threat for reasons which include pathogen resistance to fungicides, environmental pollution, human health concerns and unacceptability to importing countries of chemical use on fruit crops. While some of the arguments against synthetic fungicide use may not be rational, the threat to exports is real, as is the imperative to find alternatives. In New Zealand several alternative chemicals have recently been tested for efficacy against black spot (Venturia inaequalis) and powdery mildew (Podosphaera leucotricha) (Beresford et al. 1991) . Copper and sulphur mixtures were the most fungicidal, but copper caused unacceptable fruit russet. Slaked or hydrated lime (calcium hydroxide, Ca(OH) 2 ) has been shown to control apple black spot in Tasmania (Wong et al. 1995) and in New Zealand . Baking soda (sodium bicarbonate, NaHCO 3 ) has not been tested on apples in New Zealand, but has been reported to control powdery mildews, including rose mildew (Sphaerotheca pannosa var. rosae). Control of black spot (Diplocarpon rosae) on roses has also been reported (Horst and Kawamoto 1992) . Mineral spraying oils, which are used in apples for control of scale insects, mites, woolly apple aphid and mealy bugs, have also been shown to be fungicidal (Calpouzos 1966) and their possible effect on apple powdery mildew is of particular interest.
RESULTS

Lincoln 1995-96
Black spot incidence on leaves on 12 December showed no significant response to the various concentrations of mineral oil mixed with slaked lime (Fig. 1A ). Mineral oil alone had significantly (P=0.02) more black spot than the treatments with slaked lime. Fig. 1A shows means over the two cultivars, Royal Gala and Fuji, which were not significantly different (P=0.94). At fruit harvest (Fig. 1B ) the overall cultivar effect was not significant (P=0.41), but the interaction between cultivar and treatment was significant (P<0.001), indicating that the trend for black spot control in Royal Gala to worsen with increasing oil concentration and in Fuji to improve was a real effect. Mineral oil alone gave a higher incidence of black spot than the slaked lime plus mineral oil treatments (P<0.001) and Royal Gala had significantly more black spot than Fuji (P<0.005). These results show that slaked lime gave substantial black spot control but that mineral oil did not, either alone or in combination with slaked lime. Mineral oil actually increased black spot in Royal Gala compared to Fuji.
Importantly, there was no significant response of powdery mildew incidence to mineral oil concentration (P=0.81) (Fig. 1A) . Given that there was no powdery mildew response to mineral oil, and that oil alone had the same level of powdery mildew as the slaked lime treatments, then slaked lime gave no powdery mildew control either. This confirms previous trial results . None of the spray treatments had a significant effect on fruit russet. black spot and powdery mildew on leaves on 12 December and B) black spot on fruit at harvest, to different application rates of mineral oil mixed with 1.6 kg slaked lime/100 litres water and to oil alone at 120 ml/100 litres water.
Pipfruit
Appleby 1995-96
Slaked lime and baking soda both decreased black spot to the same degree on leaves and fruit compared to unsprayed, both in December and at harvest. Fruit harvest data are shown in Table 1 . There was no significant oil effect, confirming the results from Lincoln, that mineral oil did not improve black spot control.
Baking soda caused an increase in fruit russet resulting in a significant decrease in exportable fruit (Table 2) . Slaked lime resulted in as little russet as the unsprayed treatment. Baking soda was clearly phytotoxic and the initial application rate of 1 kg/ 100 litres was reduced to 0.5 kg in December when leaf burning was noticed in baking soda treatments. Mineral oil at the 125 ml/100 litres rate used caused no fruit russet. Powdery mildew was assessed on leaves on 18 December. There were no significant differences among the treatments (P=0.14), and the ranking of means for percentage of leaves diseased was BS+MO (13%)<BS (18%)<SL (20%)<SL+MO (21%)<unsprayed (26%). Thus the two baking soda treatments tended to have less powdery mildew than the other treatments.
Predatory mite (T. pyri) numbers, both active stages and eggs, were lower in treatments with slaked lime than with baking soda (Table 3) . Results from the 12 January sample suggested that oil had no effect on T. pyri numbers. There appeared to be fewer P. ulmi eggs at the 7 March assessment in the slaked lime treatment and it is possible that slaked lime reduced numbers of both predator and pest mites. Although it appears that slaked lime had an adverse effect on T. pyri, further studies are required before it can be concluded that slaked lime is likely to disrupt integrated mite control. Trials at Clyde used cupric hydroxide plus sulphur as a standard for comparison. Application rates were derived from earlier trials to give reasonable disease control while minimizing fruit russeting due to the presence of copper. In 1994-95, black spot responses to spray treatments were similar for all cultivars ( Fig. 2A) . Treatment means analysed over all cultivars ranked as follows: C+S (0.6%)< BS+MO (4.5%)< SL(5.2%)< BS (12.3%); LSD 0.05 =4.4%. Thus, baking soda alone was significantly worse than the other treatments and adding oil to baking soda improved black spot control compared to baking soda alone. There were no significant spray treatment effects on russet, and in this trial baking soda at 1 kg/100 litres did not cause the russeting and the leaf burning found at Appleby.
Powdery mildew incidence, on 5 December 1994, showed no significant (P>0.05) treatment differences. Mean percentages of leaves diseased over the three cultivars were: BS+MO (13%)< C+S (16%)< BS (17%)< SL (19%). On 23 January 1995 there was a significant treatment effect, with the following ranking: BS+MO (13%)< BS (17%)= C+S (17%)< SL (22%); LSD 0.05 =6%. Thus, baking soda plus mineral oil significantly reduced powdery mildew compared to slaked lime. As at Appleby, powdery mildew control with baking soda appeared to be improved with the addition of mineral oil. This contrasts with slaked lime at Lincoln, where addition of mineral oil did not improve powdery mildew control.
In 1995-96, C+S consistently gave the best black spot control (Fig. 2B ). SL gave relatively poor control in all cultivars. The trend detected at Lincoln, whereby mixing mineral oil with slaked lime improved black spot control in Fuji but not in Royal Gala, was also found here. Powdery mildew data were not available for the 1995-96 trial at the time of writing.
Havelock North 1995-96
Unsprayed plots had significantly more black spot and powdery mildew than the baking soda treatments and the industry-standard spray programme had significantly less (Fig. 3) . For black spot, BS+500 ml MO was not significantly different from BS+200 ml MO, suggesting that the addition of mineral oil to baking soda did not improve black spot control. This reflects the Appleby result and contradicts the Clyde Pipfruit 1994-95 result, where control was significantly better when mineral oil was added to baking soda, compared to baking soda alone. BS+detergent also gave a similar level of black spot control to the BS+MO treatments. For powdery mildew, control was significantly better with the higher rate of mineral oil mixed with baking soda than with the lower rate, confirming the Appleby and Clyde 1994-95 results that addition of mineral oil to baking soda enhances powdery mildew control. Baking soda plus detergent was as effective for powdery mildew control as baking soda plus the higher rate of mineral oil.
DISCUSSION
These trials confirm earlier results that slaked lime controls black spot on New Zealand apple cultivars without phytotoxicity and that it does not control powdery mildew. The mode of action of slaked lime against V. inaequalis is through its alkalinity. It maintains plant surfaces at pH 8.5-9.0 which inhibits spore germination and infection (Wong et al. 1993) . Water glass (sodium silicate), washing soda (sodium carbonate) and borax (sodium tetraborate) also produce the same effect. Slaked lime is preferred because of its low mammalian toxicity and because it breaks down to calcium carbonate in the air. There is an indication from our Appleby trial, however, that slaked lime may inhibit mite predators, which could interfere with integrated mite control. Mites may be affected by the high pH, and as integrated mite control is an important aspect of apple crop protection, further investigation of the effects of alkaline chemicals on mite predators is required before slaked lime is recommended for apple black spot control.
Baking soda was generally as effective as slaked lime for V. inaequalis control. It caused russeting and leaf burning at Appleby but phytotoxicity was not observed at Clyde or Havelock North. Baking soda appeared to control powdery mildew, although the effects in these trials were often barely significant. Baking soda has been widely reported as controlling powdery mildews both overseas (e.g. Horst and Kawamoto 1992; Ziv and Zitter 1992) and in New Zealand Wood et al. 1995) . Although like slaked lime, baking soda is alkaline (pH in solution 8.3-8.5), it is the bicarbonate ion that is fungicidal (Marloth 1931) . Other bicarbonate and carbonate salts are also toxic to various fungi at concentrations from 0.5-1.0 kg/100 litres, and some are reported to be phytotoxic (Ziv and Zitter 1992) . Although no reports were found of V. inaequalis control with baking soda, Horst and Kawamoto (1992) showed that baking soda at 0.063 M (0.529 kg/100 litres) reduced the severity of rose black spot (Diplocarpon rosae).
Mineral oil had only a small effect on black spot when mixed with slaked lime and it was cultivar dependent, such that oil increased black spot on Royal Gala compared to Fuji. Oil by itself did not appear to be fungicidal against black spot or powdery mildew. Powdery mildew control with baking soda was improved by the addition of mineral oil, whereas, addition of mineral oil to slaked lime gave no improvement. Addition of mineral oil to baking soda has also given significant improvements in powdery mildew control in apple cultivars resistant to black spot at Clyde (Wearing and Marshall unpublished data).
Mineral oils have been reported to be fungicidal against various powdery mildews (Northover and Schneider 1993), but not against V. inaequalis (Northover and Schneider 1996) . The mode of fungicidal action probably varies between different oils and may involve protective, sporulation suppressive and curative effects (Calpouzos 1966) . Surfactants and film forming polymers are also reported to control powdery mildews (Hislop et al. 1978; Elad et al. 1989; Horst and Kawamoto 1992) . Mineral oil rates chosen for these trials were deliberately low to avoid russeting of fruit. Recommended rates for invertebrate pest control are 2 litres/ 100 litres up to tight cluster stage and 1 litre for summer application (Fussell and Walton 1995) . It is possible that rates were too low give disease control, although the rate responses from Lincoln ( Fig. 1) suggest that large improvements in disease control at increased rates may be unlikely. Further investigations of fungicidal activity and phytotoxicity of higher application rates of mineral oils are needed on New Zealand apple cultivars.
While the alternative fungicides tested in these trials reduced disease levels, their efficacy is clearly intermediate between no treatment and treatment with conventional synthetic fungicides. Problems of low efficacy, limited activity spectrum and phytotoxicity preclude alternative fungicides from being used as simple replacements for conventional fungicides. The search for alternative chemicals with better than intermediate efficacy must continue and the new challenge is to incorporate promising alternatives into fungicide programmes which will gain general acceptance by apple growers.
